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識されたマクロファージ数を計測しχ2 独立性検定を行い定量した．H-E 染色では照射 1日目
より角化層形成を認め，5日目にほぼ上皮化が完了した．しかし対照群 2では 5日目でも上皮

















































出した．血液 30 mLを採取し，EDTA-2K を用いて
抗凝固処理を行った．それに同量の生理食塩水を加
え転倒混和した．これを LIMPHOPLEPTM tube に
緩徐に移し替えて室温で 800 rpm，20 分間遠心し
た．6層に分かれたうちの第 2層が単球層（図 1b）
であり，これを採取して PBS 25 mL にて洗浄した
後250 rpmで 10分間遠心して沈澱させて回収した．
　2）真皮層の作製
　ヒト真皮線維芽細胞は 10％ FBS 添加 DMEMを
培養液として細胞培養フラスコ内で継代培養を行
い，8～ 10 継代のものを使用した．50 mL tube に
5倍濃縮DMEM 7.5 mL，Reconstruction buﬀer 3.75 
mL 入れ，collagen を 26.3 mL 加え泡立てないよう
に混合した後，水酸化ナトリウムにて pH調整を行
い，コラーゲン液を作製した．抽出した単球（全体
で 9.9× 107 個，4.1 × 106 cell/well）と線維芽細胞
（4.0 × 105 cell/well）を 10％ FBS 添加 DMEM 1.8 
mL に懸濁したのち上記のコラーゲン液と緩徐に混
合して細胞懸濁液を作製した．24 well プレートに
細胞懸濁液を 1.5 mL ずつ入れた後 CO2 インキュ





2 12.5 mL に懸濁して 0.5 mL ずつ上記 b）で真皮層
















　完成した直径約 10 mmの検体の中央にCO2 レー
ザー（NIDEK社 Unipulse COL-1040 ハンドピース
にパターンスキャナー Fast Scan を使用）（図 1d）













a : LIMPHOPREPTM tube. 
b : left : before centrifugal separation （① : diluted blood, ② partition, ③ LYMPHOPREPTM solution）
     right : after centrifugal separation （① plasma, ② monocyte, ③ LYMPHOPREPTM solution, ④ partition, 
⑤ LYMPHOPREPTM solution, ⑥ polymorphonuclear leukocyte・red blood cell）
c : The specimen which we made 
d : NIDEK  Unipulse COL-1040 CO2 laser
表 1
NHDF （Normal human dermal Fibroblasts （Neonatal Skin））: LONZA
NHEK （Normal human epidermal Keratinocytes（Neonatal Skin）1: LONZA
DMEM （Dulecco’s Modiﬁed Eagle Medium High Glucose）: Invitrogen
FETAL BOVINE SERUM: HyClone 
Penicillin-Strepymycin-Glutamaine : Invitrogen
KGM -2 （Keratinocyte Besal Medium -2）: LONZA
Trypsin- EDTA: Invitrogen 
Trypsin neutralize solution （TNS）: Invitrogen
DPBS （Dulbecco’s Phosphate Buﬀered Salin）: Invitrogen
Cellmatrix Type1-A conc. 3.0 mg/ml : 新田ゼラチン
Phosphate Buﬀer Powder : 和光純薬
Dulbecco’s Modiﬁed Eagle Medium Powder : Invitrogen
20% Formalin Neutral Buﬀer Solution : 和光純薬
Pathoprep546 : 和光純薬
ティッシュー・クリア：サクラファインテック
FILTER TIPE : 3.0μm, white SSWP, 25 mm: MILLIPORE












































Fig. 2  HE stain（×100）　bar ＝ 25μm
a:  before irradiation, b : just after irradiation, c : day 1, d : day 3, e : day 5, f : day 7
Before the irradiation （a）, the regularly corniﬁcation of corner layer and the rich ex-
tracellular matrix were seen. Just after irradiation （b）, the damage from the epidermal 
layer to the upper dermal layer was seen, which were epidermal detachment and ne-
crosis, carbonization, coagulation and vacuolization. Day 1 （c）, partial re-epitherization 
was seen in the damaged area. Three or four layers of corniﬁcation layer and basal 
layer in the irradiated area were formed by day 3 （d）. Epithelization was almost com-





























Fig. 4  MCP-1 stain （×100）　bar ＝ 25μm
a: Before irradiation, b : day 1, c : day 3, d : day 5, e : day 7, f : day 4 of control group 2
Before irradiation （a）, no stain in particular. Day 1 （b）, brown stain were seen in the 
epidermal layer. Epidermal layer and dermal epidermal junction of the damaged area 
were stained on day 3 （c）. 
Strongly stain could be seen in the same area on day 5 （d）. Day 7, upper epidermal 
layer was light stained and stained area of dermal epidermal junction was expanded. 
In the control group 2 （day 4）（f）, there was stained in the epidermal layer and dermal 
epidermal junction.
Fig. 3　AM-3K stain （×100）　bar ＝ 100μm













































Fig. 5  HAM 56 stain （×40）　bar ＝ 100μm
a: Before irradiation, b : day 1, c : day 3, d : day 5, e : day 7, f : day 4 of control group 1
The macrophages were scattered in the dermal layer before irradiation. The number 
of the macrophages increased from day 1 to day 5 （b-d）, but slightly on day 7 （e）. In 

















への分化を促進させ，TGF-β1 が，A cholesterol 
acyltrans ferase-1（ACAT-1）の表現を強調すると





Fig. 6  HAM 56 stain （×400）　bar ＝ 100μm
a: Before irradiation， b : day 1， c : day 3， d : day 5， e : day 7， f : day 4 of control group 1
The stain embrowned the macrophage before irradiation （a）. The macrophages upsized 
and changed in oval shape with light brown staining in cytoplasm on day 1 （b）. Strong 
staining could be seen on day 3 （c）. Day 5 （d）, some macrophages were bleached from 
brown in its cytoplasm. Day 7 （e）, the mixture of the macrophages with and without 
brown staining in cytoplasm  was seen. There was no clear changes in the characteris-
tics of macrophages over time in control group1.
Fig. 7　A change of the number of macrophages 
The number of macrophages increased from day 1, 
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THE BEHAVIOR OF MACROPHAGES IN THE WOUND HEALING  
PROCESS IN HUMAN SKIN USING A NEW ARTIFICIAL  
SKIN MODEL WITH MACROPHAGES
Shingo TSUKAHARA, Bunsho KAO, Kanae TERASE,  
Sachiyo FUJITA and Yoshiaki HOSAKA
Department of Plastic and Reconstructive Surgery, Showa University School of Medicine
　Abstract 　　 This study investigated the behavior of macrophages in the wound healing process in 
human skin using a new artiﬁcial skin model with macrophages.  The experimental group （the artiﬁcial 
skin model with human monocytes） and control group 1 （without monocytes） were irradiated with a 
CO2 laser and compared with control group 2 （no laser irradiation with monocytes）.  Tissue samples 
were collected for 7 days after laser irradiation, and the degree of tissue damage and the process of re-
generation were evaluated using hematoxylin-eosin and immunohistochemical staining.  The monocytes 
changed to macrophages in the samples.  The number of macrophages increased and their size was larg-
er after laser irradiation in the experimental group from the day 3 and reached a peak on the day 5.  The 
macrophages were activated both in the irradiated area and in the whole sample.  MCP-1, a chemokine 
produced by inﬂammatory reactions, was identiﬁed in the epidermal layer from the keratinocytes and the 
dermal epidermal border region.  These results suggest that MCP-1 from macrophages induces an accel-
eration of the re-epithelization in the epidermis, while also inducing wound healing.  In conclusion, this 
new artiﬁcial skin model with macrophages demonstrated increased tissue interactions, especially in in-
ﬂammatory reactions.
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